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CONTRACT; NOrd li'215. 

 ALA&A RESEARCH LABORATORIES _."... 

S-o Rugger! and R 9. Wraitze _ 

-May 18j 1951 

'    '-- ' gpRESl^' -"~-  -'- . —- — 

•As. a basics general assignment unde2? Research Contract 

NOrd 11215, the ALAKA RESEARCH LABORATORIES have undertaken a 

general -.©valuation of the fung.inertness of plastic laminates, as 

qualified under-Specifications IAIL»P»99"AJ, IUIL~P-3115A 9 MIL-.P- 

150§SA9 MIL-.P-15ÖS7A,  and ML«p^l504'7A and  of thermos ettlng- 

molded compounds qualified under Specification }.iIL~P?°14A,e 

This assignment  is part p-f-a study by several laboratories of_ 

.dlfit       * ma.uv-   '°\s fo*1 electrical equipments    , ,.,. -,, .^ ^ 

Since  "funginert" is a relatively new' irsrnra^Wief^ 

definition is in order*    A funginert material can be defined 

as one whi-ß^ will not support fungus growth because the 

material dees not furnish the nece;ssarf nutrients for such 

•i-    1     » 
~. X - 
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growth.. This is distinguished from both "fungistatiö'* and 

"jungleIdjal" materials which do not support fungus gnesrfch due. 

to „the presence of an agency (usually chemical) that actively 

prevents growth or kill%.fungi» For further reference oh the - 

definition of this term, see? 

Ezekiel, W..M.. 1950. Problems in fungus and moisture deter loc- 
ation. Electrical Manufacturing 4B (3): 78»859 178-190. 
Ezekiel, W.U. 1950,. "Funginert"^ A designation for inherently 

fungus-resistant material* Science 112 (2905): 259-60. 

The work to be included under this contract is as 

follows; 

(a) Determination of the funglnertness of samples ob- 

tained , using two methods as designated by the Bureau of Ord» 

nance» 

(b) During and following this evaluation of samples the 

validity of these prescribed methods is to be studied, along 

with the evaluation of other procedures for determining 

funginertness of materials» 

(e) other work relating.to prevention of deterioration 

caused by fungi and moisture will be Conducted as directed by 

the Bureau of Ordnanceö Details of such work will often not 

be included in the. regular quarterly reports a 

_3  < 
Jr. 

•SftPPL jSRo.. OF PLAST IPS, SAMPIES, 

For thisgeheraT evaluafeibn,' the foliowi^g-suppXisr^ 

were contacted for samples  of their products   (as taken from 

commercial production)? 

American cyanamid So« 
•8© äöskeföileü? Plaza 
New York 20 *. H.Y* 

American Phenolic Corp., 
1830 &•  S4th Street 
Chi »»• 



J»yg!üi°ari'^^pÄ', ssssssss:: -aaBSü. ••—.. •••-•••.- •-.- y.  —• ..'7  -. 

Bakelite Division 
Union Garbid© & earbön Corp» 
30 East 42nd Street 
New York 1.7, N...Y_._ * 

The Borden Company 
350 Madisön Avenue 

.Sew York 17 r .N..Y. '•*      — 
Continental«Diamond Fibre Co. 
Newark,  Bel, 

Continental-Biamond Fibre Co« 
Bridgeportj Pa-, 

Continental »»Diamond Fibre C©e 
Valparaiso, Ind, 

Durez Plastics & Chemicals, Inc, 
itorth Tonawanda, Ü."2V 

Farley & Loetscher -Mfg. -Co* 
916 Commercial Trust Bldg. 
Philadelphia 2S  pa. 

The Formica Co, 
4614 Spring Grove Ave» 
Cincinnati 32j  Ohio    * -•   

General Electric Go, 
Coshoetsn, Ohio I 

General -Elee-trio Co. 
1 Plastics Ave, 
pittsfield, Mass,      .; 

Mica-insulator Go» 
Post Office Box 1076 

A *     I\ o JL O 

Monsanto Chemical Co« 
Piastics Division 
P*^4ngfi.eH 2.,.Jlaas.. 

"Kafeiönax. Vuloanrsaa vxövo- we 
Maryland Ave*. & Beech Street 
Wilmington 99, Bel, 

Panelyte Division 
St. Regis Paper Go«? 
Enterprise Ave * 
Trenton;,Ne.X„ 

Plaskon Division 
Libbf^Owens-Ford Glass Co« 
2112 Sylvan Ave^  
Toledo 6s Ohio ~ 

Plastic Engineering Co« 
1607 Geele Ave* 
SheboygQji »• Wise . 

Plastic Products Division 
Th© J.P* Lewis Co* 
Beaver Fails, N*Y._ 

Re illy Tar & Chemical Corp* 
1618 Merchants Bank Bldg, 
Indiananopolis 4, lad« 

The Richardson Company 
Melrose Park, 111, 

Rogers Corporation 
Goodysar, conne 

Spaulding, Fibre Go.-.,, Inc« 
310 Wheeler Street 
Tonawanda, N.Y-. 

The Synthane Corp. 
Oaks,. Pa, 

Taylor Fibre Go* 
Morris-town, Pa. 

Taylor Fibre Gp„ • 
Laterne, calife 

Watert own, Mfg.«. Co., 
Eehojbake Road 

_M^§r$^<m,^^0/. - " -    ^ 

We at inghouae. Flee tr ic Corp • 
Micarta Division- 

:erd., Pa.» 

'! i 
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FüNGJ^RTflESS, OF PLASTICLAMINATES 

;Ö?pRMI£B METHOD), 

      Introduction 

First work completed under this study has -been  tests 

Of fungus resistance of available plastio laminated materials 

following the Petri-dish culture test procedure äs outlined in 

the "Punginertneas.. Requirement and Test, for use in MI-L-'i=.&3lA"' 

(as completed 2,9 January 1,9.51) s furnished by the Bureau Qt 

Ordnance with letter dated 16, February 19514 

Materials 

The materials evaluated in tMs_ study inelwie the 

following laminateds thermosetting, plastic materials as 

approved under the following specifications;? 

Spec! fie at i on  Type 

M£L-P=-9S7A 
M1L^P«15037;A 
Ml£-P»1504!7A 
lsj:L-p»3ii5Ä 
MIL~B«5115A 

»P»3115A 

Filier 

MIL-P-150.35Ä 
1|L~I   1RÖ.55A 

MIL=P*i5035A 

GSG 
&m 
BPG 
port 

PBE 
PBE-P 

FBM 

FBI 

Glass  Cloth 
Glass Cloth 
Nylon Cloth 

Paper 

Paper 

Cotton Fab» 
O-ott-on^Fab, 

Resin 

Silicone 
Melamine 
Phenolic 
Fhenölio 
Phenolic 
Phenolic 

'Phenolic 
PnenoXAc. 

Grade 

General ._ 
General   - 
General 
General 
Electrical 
Eiectriealj. 

Punching 
Meehahical 

jdjl e c v*' ?•*** £ 
Cotton Fab„       Phenolio      Fine Machining 

k=>    es.    <*> 
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Experimental,, Er o.cedur e 

Test iörganisros 

The following fungi were used in this  evaluation: 

"Organism. 

Aspergillus hig-er 
Aspergillus fiavus 
Penicillium luteum 
Triehoderma T'-^l 

American Type Culture 
f'elleet-lon.Wo-«- ._ .. 

9642 
9643 
9644 
9545 

20.0 gm 
10 6-0 gm 

o  n 
W O V 

0 = 5 g«5 
0V3 gin 

lOOOeQ \>\ 

Pre<päratlon of Inoculum 

The following nutrient medium wag used in the prep- 

aration of cultures of the test, fungi: 

Agar  - - 
" - Dextrose 

Ammonium nitrate 
Potassium phosphate 7   
Magnesium sulfäte 

"bisti%led water 

Buitures ©f the test organisms were prepared separately* oü 

test tube slants (18mm. diameter x 150 mm length) of the 

culture medium and incubated for 12 days at 28°G« Ten 

milliliters of sterile distilled water,, containing 0,05 gm 

of dioetyl sodium sulf osuccinate per liter:- of waterp  were " 

added to one slant of e* ' culture and agitated to dislodge 

the spores« The resulting Repä¥äter"'süspensinn-s were mix-ed: - 

to oh tain a composite sp^  suspension for use in inoculating 

the test specimens-*- _^.._ 

» 5 - 
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Preparation of Qbntrols -' - 

Three agar slants prepared in the manner described 

above served äs control blanks. The blanks were inoculated 

with- a drop Of inoculum deposited from, a 0*1 ml pipette at 

the top of the slant, using aseptic technique. The controls 

were incubated along with the test specimens.  All three 

controls were covered with _fung$s growth at the end of the 

incubation, period_(2-l_ days):.,.hencs—tho—apore suspension used 

in the test was satisfactory» .-_.— " ~- ---^v_.^ - • 

Preparation of Specimens " 

Sheets""(-l/^S" thickf of the la^minate.Sy a a feceivsdy 

were cut-into test specimens .!"' by 1'",. using an 8" arbor tilt 

saw equipped with a suitable cutting blade. Six specimens 

-were used in this test for each of the plastic laminates.. 

Three of the specimens were conditioned! "(to determine. ' 

the presence of ^a.fugitive fungicide) f or._g hours, at- 85öde . 

The remaining three specimens, received no conditionings 

Ea^ch specimen was then; placed in the center Of a 

Pe-tri dish containing approximately £5 ml of solidified medium" 

of the following p-owpp«itioB-i 

Agär .    .  _ 
Distilled water 

Inoculation and .Incubation 

- - —^ „ <$r~r -~-~ '^~ 

20 gm 
1060 ml 

Each ;of  the three unconditioned and the: three 

cond-itiohed :speciffiehs, pla;ced in the center of the Petr'i - 6. 

____j 
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dish, was then sprayed wit.h. the mixed spöre suspension» Ike 

inoculated specimens were incubated for 21 days at 28°C., 

Eyalua t i on of. E esul t s , 

- At the end of the~21 day incubation period, each 

specimen was examined separately for .growth on the surface 

and for growth oh the cut edges and rated as follows-: 

Observed fungus growth en "-^-~ 
\. .'____ thg.jspeoimeh  _ -- 

No growth /     ; ._ 
Traces of growth(*) 
Slight to moderate growth; partial coverage 
Moderate growth:, considerah3.e coverage 
Abundant growth; _-oornp'1^tß--ftqwfi-.,Päger---~ 

Rating 

0 
1 
o 

3 
4 

.(*-.). Traces of  growth are defined as.scattered,  sparse fungus 
growth such as might;  develop from an unusual mass  of  spores Iru 
the  original inoculum,   or upon an occasional  extraneous bitof 
debris,   (Continuous  cobwebby growth extending' over the  entire 
surface  or edge  of  the  specimen,   even though not necessarily 
obs'curing the  specimenj>  was  rated as  2*)       —-  •    - - ~ 

Table  1,  pages  9 through 13-,  lists the obser», 

Vations on the individual replicators of  the ,unoondJJ;JL_oned. 

specimens, and, the numeric rating of  each replicate both for 

surface and edge growth«,    Table  2>  pages  14 through 18, 

lists the observations On the individual replicates of the 

conditioned  specimens and the numeric rating  of each replicate 

both,fOr.sUrfa-eec and edge\growth«     •- -       .•--.- 

xnterpr^tation.of Results for peterm-ihati oh—of. Funglhertness 

For- a matejfial to be  considered fungihert it  shall 

not: support fungus growth,;, this  shall fee due: to aJbsence of 

<=      !7'     m. 
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«wa 

hufcritivLe. substancea in the Material and not to presence of a 

fungi-static agent. Che absence of a fungistatlc agent was 

determined from, the results on the specimens which received 

the conditioning of 6 hours at SSPQ,»    This conditioning-was" 

considered ample /co-destroy; any fungus resistance, which would 

he due to suoh a: fufigrstaticr agent. - ' - '  .- -' - - \  ."  - - 

Gn the ha sis of the numeric rating of the fungus 

growth on the six specimens for each .sample, of plastic laminate 

being evaluated, the following criteria-were used: for the 

various degrees of fungus resistance: 

D Pungiiiert =• where at least 2 of 3 specimens were rated - 
0 or l^when tested as received and at least 2 of 3 
specimens, were rated 0 or 1 when tested after being 
conditioned, 

27 Fugitive Fungiistatlc- = where at least 2 of $ specimens 
were rated 0 oy XrM&n^tS'a-^o^  as received ahd at least 
2 --of-: 3.;-spft^.iräfi,ns were not" rat;ed O or 1 when tested;._" 

-_ after being conditioned« 

3) Fungus Susceptible - where at least 2 of 3 specimens. 
were not rated 0 or 1 when tested as received and at - \ 
least 2 of 3 specimens were not rated 0 or 1 when 
tested after being conditioned .> 

Since at the present, stage of_the evaluation it has 

not been determined-whether the above criteria will be applied 

to the surface growth alone or whether they will be applied 

to the. growth on the surface and edges, separate ratings have 

been assigned to the specimens based on surface growth alone 

"~«a=nd-^^n^^is*'^°-".Ä.*^s'*>'s p^i'-fr  ö-rrow4*" "'*   "* • ""^ toe either» 

Table 5, pagers.19 through 21,. lists the elas-s-^ 

ification, of the plastic laminates tested, based on the 

ratings considering surface .growth alone and on the ratings 

considering, surfa-ce. growth "together with "edge "g-r:ö.wth.0 

- ® 
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ggvjfefg, ,,Gr Q#;fch"r ;A-l;öne" - 

The following samples showed traces  of.grqwth ön 

;&il_slx replicateäs _     .   ....   ,, !,_".;_        .,_....'..._ 

Manufacturer Designatlött Grade 

GSG 
-KP9 

PBC- 
#8 
#8 

G.<-7 

XXN-23' 

The following samples showed traces of growth on_ 

the three unconditioned replicates but slight growth -or 

three conditioned replicates* 

^ Manufacturer Designation Grads 

#8 
#8 

XXX2I 
3ööt>PN 

PBE 
PBEwF 

The following samples showed slight or moderate 

growth on all sis replicates.'; 

Manufacturer "="~ 

#5 
#5 
#&_ 

#8. 
#8- 
#8 
#11 

resignation 

- XX 
XXX-P 
XXX~618: 
FFVs.5' 

#15 
#3.5 

XX^P 
L 

Grade, 

PBE-P 
tcctp _.ri 

G'MG 

JFBG 
FEE 
PBE 

=*p*—.    - 

Ä 
. PBE=P 
FBI 

22 



attes 

mW 
The following sample showed moderate gr<?wth on the. 

three uncohdit&Thed replicates and only traces o 

the three conditioned- repliöätesj ' 

Resignation 

»f growth on 

TG-rade 

' PBE   - ~"- 

file foil owing- sample s showed moderate or abundant 

j-r-owfch. oh. all six replicates.:. 

ffinyg^tursr Designat i'Qh ' Grade 

#'5 
es.   - 

-IM -_. .- 
LE- S§4 

:PBM 
FBß 
PBE 

The following .sample showed abundant growth on all 

rix replicatesir 

Manufacturer Designation 

--- _ W 

Grade 

Ä FBI 

u 

~  _- = -_ A. 

&  number ofthe- specimens,had large water -drops on 

the surface after the 21 day incubation, periods ,At this time 

•we cannot state the significance of this, water to the growth 

of the fungi on the specimen and; hence the numeric- rating« 

Thgref or at-, this time we are merely indicating those replicates 

which show such a water drop on  the surface..,, In such cases 

where this WaterlosÄiEö has. 'talrfe*»'"^•«. :,s „»«,, •-.••r-^*«.-__*L'. v t»ased 

on the growth on the remainder of the surface whf «h is Mot 

waterlogged«.        . _  

«? 23. *> 
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A «A3 

V Sjsrfäee saä;' Edge Growth 

?©n 

--*.    -^ J^J^l^ owing^ sample shewed trade!*. 

all- sls—replieätes:     ~.       - —"-.— 

growth 

Manufacturer Bgstgnatiph, 

^7 

Grad« 

^  __ fh© foilowing samples showed slight growth on all 

•Han« f £c turer- 

m 
Designation 

3QO?;-»6i8 

210 

Grade 

PBE«>P 

FBG 

(• 

^he following samples, showed slight or moderate 

growth on all six replicates:! 

Manufacturer 

#5 
#8 
itfa 
#8 

#11 

J^sigfiation 

3ÖEN-23 
XXX*HJ. 

215 

30,0 

Grade 

-PBE 
NPG 
PBS 

^jfJEj»P 

Im 
'JSPG 
BBS " 

.-.•-!' 

The following, samples showed Tasderate growth on 

all si» «s«'s «.«£,*.= —. 

Manufacturer Designation Grade 

IfloV 
'öl» -** - FBG 

fhe following, samples showed moderate os* abuhdani 

growth on all six replicates^ 
- 24 
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Sir.: sÄts&Mi 

#8 

XXX~P 
GE 

'    EE  5S4- 

G$~16 
30QCF 

PBE«P 
FB<2 
FBI 
PBE 
FBM- 
PBE-P 

Thö following; samples  showed :abqä<Iän't growth of), all 

six replicatesj 

£«s:lgn&Tl.&ön 

#-5 CG 

Grade 

FIE 
•CltiT 

5'S    •»• 



EAPJ 

j? ;VJ-ra u- assignment ««.dear tue heä;airig7 öf ötfeer^wfrirj 

relating to deteripratioa ceisred try fungi und moisture has 

been the laboratory n.hec'-* on same experimental varnishes 

prepared by Westlngh-o'sse Electric  Corp<?ratione    These vaa»-* 

nishes »re a pa^t of the W'a'vy»W^et5.n^omse Tropicaliiaat-ion 

Program. (Reference R«ele~3*47)  in Gonnection with soil *TJW 

pregnating, vanishes«    The' elgh^experi^entaX varnlihse^äre^ 

being evaluated for various properties including:?  drying      ._ 

time,  color, dielectric strength?  fis/£m'aMlity3 adhesion and 

•pcsl-stari<j.e tprealt water^fwngistat ic  effectiveness *  and " 

fluorescence*    The results  of this:, evaluation are being 

rgporte4 in, e^s©paratc_ apeeij-l jre^orj^ to the Bureau of     _ 

Ordnance« 

•t. 

;     • i 
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